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(54) Glow plug and spark plug, and manufacturing method therefor 



(57) In a glow plug (1) and a spark plug (100). the 
surface of a main metal shell (3 : 101) is coated with a 



chromate film (42, 142) in which the quantity of trivalent 
chrome is 95 wt% or more of the contained chrome com- 
ponents and which has a thickness of 0.2 urn to 0.5 jam. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a glow plug for 
previously heating a diesel engine or the like, a spark 
plug for an internal combustion engine, and a manufac- 
turing method therefor. io 

2. Description of the Related Art 

[0002] In general, a glow plug has a structure that a 
resistance heater is disposed in a main metal shell hav- is 
ing the outer surface on which a joining thread portion 
has been formed such that a leading end heating portion 
of the resistance heater projects over either end surface 
of the main metal shell. The thread portion is used to 
join the glow plug to an engine head. 20 
[0003] A spark plug for igniting a gasoline engine for 
an automobile or the like incorporates an insulating 
member disposed on the outside of a central electrode 
and a main metal shell disposed on the outside of the 
insulating member. Moreover, a ground electrode for 2s 
forming a spark discharge gap from the central elec- 
trode is joined to the main metal shell. A joining thread 
portion provided for the outer surface of the main metal 
shell is used to joint the spark plug to the cylinder head 
of the engine. 30 
[0004] The main metal shell is usually made of an iron 
material, such as carbon steel, and structured to have 
the surface applied with zinc plating to prevent corro- 
sion. Although the zinc-plated layer has an excellent an- 
ti-corrosion effect for iron, the zinc-plated layer formed 3S 
on iron can easily be consumed owing to sacrificial cor- 
rosion as known. What is worse, the zinc-plated layer is 
decolored to white owing to zinc oxide, causing the qual- 
ity of the appearance to deteriorate. Therefore, a major 
portion of the glow plugs and the spark plug is structured 40 
such that the surface of the zinc-plated layer is coated 
with a chromate film to prevent corrosion of the plated 
layer. 

[0005] The chromate film to be formed on the main 
metal shell of the glow plug and the spark plug has been 45 
a so-calied yellow chromate film. Since the yellow chro- 
mate film exhibits excellent anti-corrosion performance, 
the yellow chromate film is widely employed in a variety 
of fields including coating of the inner surface of a can 
as well as the glow plug and the spark plug. Since a so 
portion of contained chrome components is sixivalent 
chrome, use of the yellow chromate film has gradually 
been inhibited in recent years owing to global focusing 
on the environmental protection. For example, discon- 
tinuance of the chromate film containing sixivalent S5 
chrome in the future has been considered in, for exam- 
ple, the automobile industrial field in which glow plugs 
and spark plugs are used in a large quantity Since a 



processing bath for forming the yeltow chromate film 
contains sixivalent chrome at a relatively high concen- 
tration, there arises a problem in that an excessively 
large cost is required to dispose waste water. 
[0006] Therefore, chromate films of a type which does 
not contain sixivalent chrome, that is, films of a type that 
the substantially overall portion of chrome components 
is contained as trivalent chrome have been researched 
and developed at a relatively earlier time. Thus : 
processing baths containing sixivalent chrome at a rel- 
atively low concentration or baths containing no sixiva- 
lent chrome have been developed. Therefore, the prob- 
lem of disposal of waste water has been overcome. 
However, the chromate film employing the trivalent 
chrome suffers from unsatisfactory anti-corrosion per- 
formance as compared with the yellow chromate film. 
Therefore, wide use of the yellow chromate film as a film 
with which the main metal shell of the glow plug and the 
spark plug is coated has not been realized. 
[0007] Further, the conventional chromate films in- 
cluding the yellow chromate films suffer from a common 
problem of unsatisfactory heat resistance. Since, for ex- 
ample, the engine of an automobile incorporates a cyl- 
inder head to which the spark plug is joined is cooled 
with water, the temperature of the spark plug is not 
raised excessively. When the operation of the engine is 
continued under a condition that a great load of heat is 
exerted or when the spark plug is joined relatively adja- 
cent to the exhaust manifold, the temperature of the 
main metal shell is sometimes raised to about 200°C to* 
300°C. In the foregoing case, the chromate film easily 
deteriorates. Thus, there arises a problem in that the an- 
ti-corrosion performance rapidly deteriorates. Moreo- 
ver, the conventional chromate film suffers from deteri- 
oration in the performance owing to attack of an acid 
component, such as carbon dioxide, a nitrogen oxide or 
a sulfur oxide, contained in acid rain and exhaust gas 
and, in a case of a gas engine, acid water produced by 
the engine. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention is to pro- 
vide a glow plug and a spark plug having a chromate 
film which covers the surface of its mam metal shell and 
which contains sixivalent chrome in a small quantity and 
exhibiting excellent anti-corrosion performance and 
heal resistance as compared with those of a conven- 
tional chromate film and a manufacturing method there- 
for. 

[0009] To solve the foregoing problems, according to 
one aspect of the present invention, there is provided a 
glow plug comprising: a resistance heater disposed in 
a main metal shell such that the leading end of the re- 
sistance heater projects over either end surface of the 
main metal shell, wherein the surface of the main metal 
shell is coated with a chromate film containing trivalent 
chrome by 95 wt% or more of contained chrome com- 
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ponents and having a thickness of 0.2 pm to 0.5 pm. 
[0010] Further according to another aspect of the 
present invention, there is provided a spark plug com- 
prising: a central electrode: an insulating member dis- 
posed on the outside of the central electrode: a main s 
metal shell disposed on the outside of the insulating 
member: and a ground electrode disposed opposite to 
the central electrode such that a spark discharge gap is 
formed, wherein the surface of the main metal shell is 
coated with a chromate film containing trivalent chrome io 
by 95 wt% or more of contained chrome components 
and having a thickness of 0.2 urn to 0.5 pm. 
[0011] The foregoing structures are arranged such 
that the surface of the main metal shell is coated with a 
chromate film containing trivalent chrome by 95 wt% or is 
more of contained chrome components and having a 
thickness of 0.2 }im to 0.5 pm. That is, a usual yellow 
chromate film contains sixivalent chrome by about 25 
wt% to 35 wt% of the chrome components On the other 
hand, the film according to the present invention con- 20 
tains sixivalent chrome in a small quantity of 5 wt% or 
less of the chrome components. Therefore, an effect re- 
quired of the environmental protection can be improved. 
The employed chromate processing solution does not 
contain any sixivalent chrome or contains the same in 25 
a small quantity as compared with a processing solution 
for forming the yellow chromate film. Hence it follows 
that a problem of disposal of waste water does not easily 
occur. 

[0012] The inventors of the present invention has con- 30 
sidered that, for example, a glossy chromate film, called 
a uni-chrome film, and a conventional trivalent chrome 
film, such as a blue chromate film, having a small thick- 
ness of 0.1 pm cannot realize satisfactory anti-corrosion 
characteristic and heat resistance with respect to the 35 
main metal shell in a major environment for the glow 
plug and the spark plug for use. Therefore, investiga- 
tions of the thickness have been performed energetical- 
ly. As a result, a preferred thickness range for the glow 
plug and the spark plug has been detected and, there- 40 
fore the present invention has been achieved. That is, 
when the thickness of the chromate film is made to be 
0.2 pm or greater, the anti-corrosion performance of the 
chromate film mainly composed of trivalent chrome can 
considerably be improved. Therefore, the durability 45 
against corrosion of the main metal shell can sufficiently 
be improved. In an environment peculiar for the glow 
plug and the spark plug in which the temperature can 
easily be raised and attack of acids caused from exhaust 
gas components (C0 2 and NOx) cannot be prevented, 50 
the anti-corrosion performance of the main metal shell 
can satisfactorily be maintained. 

[001 3] A main portion of the glow plugs has a structure 
that an energizing terminal shaft for energizing the re- 
sistance heater is disposed such that the rear end of the 55 
energizing terminal shaft projects over another end sur- 
face of the main metal shell. Moreover, a nut for securing 
a power supply cable to the energizing terminal shaft is 



engaged to a male thread portion formed tn the rear end 
portion of the energizing terminal shaft In the foregoing 
case, at least a portion of the surface of the nut is coated 
with the chromate film. Therefore, satisfactory anti-cor- 
rosion performance and heat resistance can be impart- 
ed to the nut as well as the main metal shell. 
[0014] A portion of spark plugs incorporates an annu- 
lar gasket which must be fitted to the base of a joining 
thread portion provided for the outer surface of the main 
metal shell. When the thread portion of the main metal 
shell is screwed in a thread hole of the cylinder head, 
the gasket is compressed and deformed as if it is 
crushed between a flange-shape gas sealing portion 
provided for the base of the thread portion and the pe- 
riphery of the opening of the thread hole to seal a space 
between the thread hole and the gas sealing portion. In 
the foregoing case, at least a portion of the surface of 
the gasket can be coated with the foregoing chromate 
film. Therefore, satisfactory anti-corrosion performance 
and heat resistance can be imparted to the gasket as 
well as the main metal shell. 

[0015] When the thickness of the chromate film is 
smaller than 0.2 pm, satisfactory anti-corrosion per- 
formance and heat resistance cannot be realized. When 
the thickness is larger than 0.5 pm, a crack of the film 
occurs and/or separation of the film easily takes place. 
Thus, the anti-corrosion performance undesirably dete- 
riorates. It is preferable that the thickness of the chro- 
mate film is 0.3 pm to 0.5 pm. It is preferable that the 
chromate film does not substantially contain sixivalent 
chrome. 

[0016] The chromate process is one of conversion 
treatment processes with which substitution and depo- 
sition of the chrome components are performed while 
base metal is being oxidized and eluted. Therefore, an 
electroless chromate process in which no electric power 
is supplied from outside must use metal which can be 
eluted into the chromate processing bath as the base 
metal. In general, the main metal shell, the nut or the 
gasket of the glow plug and/or spark plug is constituted 
by an iron material, such as carbon steel. Thus, a zinc 
type plated layer, the main metal component of which is 
zinc, may be formed on the surface of the main metal 
shell, the nut or the gasket to prevent corrosion. The 
zinc-plated layer serves as a preferred base metal for 
forming the chromate film. In the foregoing case, the 
eluted zinc components are usually taken in the chro- 
mate film. Note that the zinc-plaled layer can be formed 
by performing known electrolytic zinc plating or molten 
zinc plating When electrolytic chromate processing 
method is employed, the chromate film can be formed 
even in a case of a nickel-plated layer, the main metal 
component of which is nickel. 

[0017] When the base metal layer is the zinc-plated 
layer and the chromate film satisfying the above-men- 
tioned thickness range is formed on the base metal lay- 
er time for which white rust appears by about 20 % or 
more of the overall surface caused from corrosion of the 
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zinc-plated film can be made to be 40 hours or longer 
after chapter five "neutral salt water spray test" of anti- 
corrosion test of plating conforming to JIS H8502 has 
been performed. The foregoing anti-corrosion perform- 
ance level required of the main metal shell of the glow s 
plug and the spark plug is a satisfactory level. 
[001 8] When the base metal layer is constituted by the 
zinc-plated layer and the chromate film having the 
above-mentioned thickness is formed, satisfactory du- 
rability can be realized even in the following test on the io 
assumption of an environment of use in which the tem- 
perature of the glow plug and the spark plug is raised. 
That is, when heating at 200* C in the atmosphere for 
30 minutes is performed and chapter five "neutral salt 
water spray test" of anti-corrosion test of plating con- is 
forming to JIS H8502 is performed, time for which white 
rust appears by about 20 % or more of the overall sur- 
face caused from corrosion of the zinc-plated film can 
be made to be 40 hours or longer. 

[0019] Also in the following test on the assumption 20 
that the environment of use in which the glow plug and 
the spark plug is attacked with acids, satisfactory dura- 
bility can be realized. That is, time for which white rust 
appears by about 20 % or more of the overall surface 
caused from corrosion of the zinc-plated film can be 25 
made to be 20 hours or longer after chapter seven 
"CASS test" of anti-corrosion test of plating conforming 
to JIS H9502 has been performed. 
[0020] In a method of manufacturing a glow plug and 
a spark plug according to the present invention, the main 30 
metal shell (or the nut, or gasket) is immersed in a chro- 
mate processing bath containing trivalent chrome salt 
and a complexing agent for the trivalent chrome mixed 
therein so that the foregoing chromate film is formed on 
the main metal shell (or the nut, or gasket). 35 
[0021] The chromate processing bath contains the tri-. 
valent chrome salt and the complexing agent for the tri- 
valent chrome. Therefore, a close and thick trivalent- 
chrome type chromate film, which cannot be formed by 
a usual chromate processing method, can be formed. 40 
Thus, the trivalent-chrome type chromate film having a 
thickness of 0.2 ujti to 0.5 u.m which is the essential por- 
tion of the glow plug and the spark plug according to the 
present invention can easily be formed. A method of the 
above-mentioned chromate film has been disclosed in 45 
Germany Patent Laid-Open No. DEI 96381 76A1 . Then, 
the method will now be described. 
[0022] As described above, there is an established 
theory that the chromate film is formed such that the 
base metal (for example, zinc) is first oxidized and elut- so 
ed in the processing bath. The eluteti base metal mem- 
ber components and solution containing chromate ions 
react with one another so that trivalent chrome forms 
polymer-like complexes owing to hydroxyl groups or ox- 
ygen bridges so that the complexes in the form of gels 55 
are precipitated and deposited on the surface of the 
base metal member. In the foregoing case, the chro- 
mate film can be grown only when elution of the base 



metal member and reactions and deposition of the chro- 
mate ions contained in the bath take place simultane- 
ously. When the chromate film has been deposited to 
have a somewhat large thickness, the elution reaction 
of the base metal member, which is disproportionation 
through the interface from the solution, is inhibited. 
Hence it follows that the growth of the film is inhibited. 
[0023] According to the above-mentioned laid-open 
Germany patent, it is important for enlarging the thick- 
ness of the formed film to minimize the rate at which the 
deposited chromate film is inversely dissolved while the 
rate at which the base metal member is dissolved and 
that at which the film is deposited owing to the reactions 
between the dissolved base metal member components 
and trivalent chrome are being raised. It can be consid- 
ered that the foregoing method enables the thickness of 
the film to be enlarged because the deposition of the 
film can be enhanced by adding an appropriate com- 
plexing agent into the bath to complex the trivalent 
chrome. 

[0024] An effective complexing agent is any one of a 
variety of chelating agents (dicarboxylic acid, tricarbox- 
ylic acid, oxyacid (hydroxyl-group dicarboxylic acid or 
hydroxyl-group tricarboxylic acid: for example, oxalic 
acid, malonic acid, succinic acid, glutaric acid, adipic ac- 
id, pimelicacid, cork acid, selenious acid : sebacic acid ; 
meleic acid, phthalic acid, terephthalic acid, tartaric ac- 
id, citric acid, malic acid or ascorbic acid). Another com- 
plexing agent may be employed. Complexing agents 
which can be employed are as disclosed in the foregoing 
laid-open German Patent. 

[0025] To enlarge the thickness of the film, it is also 
effective to raise the temperature of the chromate 
processing bath to about 20°C to about 80°C. When the 
temperature of the bath is lower than 20°C : the effect of 
enlarging the thickness of the film owing to raising of the 
temperature cannot substantially be obtained. When the 
temperature is 80°C or higher, vaporization of water 
from the bath takes place excessively. Thus, the condi- 
tions of the bath cannot easily be controlled. It is pref- 
erable that duration of immersion of the member which 
must be processed in the chromate bath (the main metal 
shell and the nut) is 20 seconds to 80 seconds. When 
the immersion is performed for 20 seconds or shorter, 
a required thickness of the chromate film cannot some- 
times be realized. When the duration of immersion is 
longer than 80 seconds, the formed chromate film is ex- 
cessively thickened. Thus, a crack of the film occurs 
(when, for example, a joining process is performed) or 
separation of the film easily occurs. Therefore, the anti- 
corrosion performance sometimes undesirably deterio- 
rates. 

[0026] To enhance dissolution of the base metal 
member, it is effective to lower the pH of the chromate 
processing solution in a range in which re-dissolution of 
the film formed owing to deposition takes place exces- 
sively. A preferred range of the pH is, for example, about 
1.5 to about 3. To prevent re-dissolution of the film 
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formed owing to deposition, it is effective that the film 
contains a hydroxide, such as nickel, cobalt or copper 
which cannot easily be re-dissolved. To achieve this, a 
compound of the foregoing metal may be dissolved and 
mixed in the chromate processing bath. 
[0027] Results of repeated investigations performed 
by the inventors will now be described. When sodium 
salt (for example, sodium nitrate) in a predetermined 
quantity is mixed in" the chromate processing bath in 
such a manner that the content of sodium component in 
the chromate film is 2 wt% to 7 wt%, a close chromate 
film having a large thickness can be formed. Although 
the detailed mechanism cannot be detected, it can be 
considered that containing of sodium ions in the chro- 
mate film prevents re-dissolution of the chromate film in 
the processing bath. When the content of the sodium 
component in the chromate film does not satisfy the 
range from 2 wt% to 7 wt%. the thickness of the chro- 
mate film cannot sometimes easily be made to be 0.2 
jam or larger. II is preferable that the content of the so- 
dium components in the chromate film is 2 wt%to6 wt%. 
[0028] When a film is provided tor the nut or the gas- 
ket, the foregoing process may be performed by substi- 
tuting the nut or the gasket for the main metal shell. 
Thus, the same mothod may. of course, bo employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] In the accompanying drawings: 

Fig. 1A is a cross sectional view showing a glow 
plug according to an embodiment of the present in- 
vention; 

Fig. 1 B is a partial enlarged view of Fig. 1 A; 
Fig. 1 C is a cross section view showing a spark plug 
according to an embodiment of the present inven- 
tion; 

Fig. 2A is a diagram showing a chromate process 
of a glow plug; 

Fig. 2B is a diagram showing a chromate process 
of a spark plug; 

Fig. 3 is a graph (a peak portion of chrome (2p2/3) 
of the photoelectron spectrum) showing results of 
X-ray photoelectron spectrum analysis of a chro- 
mate film of each of samples (1) and (2) according 
to Example 1 ; 

Fig. 4 a graph showing results of peak separation 
analysis of the peak portion of chrome (2p2/3) of 
the photoelectron spectrum analysis of sample (2) 
of Example 1 ; 

Fig. 5 is a graph showing results of a neutral salt 
water spray test to which each sample according to 
Example 1 was subjected; 

Fig. 6 is a graph showing results of CASS tests in 
Example 1 ; 

Fig. 7 is a graph showing results of acid resistance 
test in Example 1 ; 

Fig. 8 is a graph showing results of the neutral salt 



water spray test performed after heating in Example 

1: 

Fig. 9 is a graph showing the relationship between 
the quantity of Na in the chromate film of the sample 
5 according to Example 2 and the thickness of the 

same: 

Fig. 10 is a graph showing the relationship between 
the thickness of the chromate film of the sample ac- 
cording to Example 3 and salt water spray time: •> 
io Figs. 11 A to 11 C show SEM images of cross sec- 

tions of the samples employed in Example 1: 
Fig. 12 is a graph (a peak portion of chrome (2p 2;3 ) 
of the photoelectron spectrum) showing results of 
X-ray photoelectron spectrum analysis of a enro- 
ls mate film of each of samples (1 ) and (2) according 
to Example 4; 

Fig. 13a graph showing results of peak separation 
analysis of the peak portion of chrome (2p 2; <3) of the 
photoelectron spectrum analysis of sample (2) of 
Example 4; 

Fig. 14 is a graph showing results of a neutral salt 
water spray test to which each sample according to 
Example 4 was subjected; 

Fig. 15 is a graph showing results of CASS tests in 
Example 4; 

Fig. 16 is a graph showing results of acid resistance 
test in Example 4; 

Fig. 1 7 is a graph showing results of the neutral salt 
water spray test performed after heating in Example 

4; 

Fig. 1 8 is a graph showing the relationship between 
the quantity of Na in the chromate film of the sample 
according to Example 5 and the thickness of the 
same; and 

Fig. 1 9 is a graph showing the relationship between 
the thickness of the chromate film of the sample ac- 
cording to Example 6 and salt water spray time. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0030] Embodiments of the present invention will now 
be described with reference to the drawings. 
[0031] A glow plug 1 shown in Fig. 1 A and according 
to an embodiment of the present invention incorporates 
a sheath heater 2 and a main metal shell 3 disposed on 
the outside of the sheath heater 2. The sheath heater 2, 
as shown in Fig. 1 B, incorporates a sheath tube 11 hav- 
ing a closed leading end which accommodates two re- 
sistor line coils, that is, a heating coil 21 disposed adja- 
cent to the leading end and a control coil 23, in series, 
connected to the rear end of the heating coil 21 by weld- 
ing or the like. Moreover, also an insulating material, 
such as magnesia powder, is accommodated. A body 
Ha of the sheath tube 1 1 accommodating the heating coil 
21 and the control coil 23 has a leading end projecting 
over the main metal shell 3 to form a projection. The 
heating coil 21 is connected to the sheath tube 1 1 at the 
leading end of the heating coil 21 The outer surface of 
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each of the heating coil 21 and the control coil 23 and 
the inner surface of the sheath tube 1 1 is insulated from 
each other owing to presence of magnesia powder. The 
main metal shell 3 is formed into a cylindrical shape hav- 
ing a through hole 4 formed in the axial direction of the s 
main metal shell 3. The sheath heater 2 is inserted and 
secured to the inside portion of the through hole 4 in a 
state that the leading end of the sheath tube 11 projects 
by a predetermined length. A tool engaging portion 9 
having a hexagonal cross sectional shape is provided io 
for the outer surface of the main metal shell 3 to engage 
a tool, such as a torque wrench, to the tool engaging 
portion 9 when the glow plug 1 is joined to a diesel en- 
gine. 

[0032] The base portion of the sheath tube 11 is is 
press-tit into the through hole 4 of the main metal shell 
3 so as to be secured to the inside portion of the through 
hole 4. A countersunk portion 3a is provided for the op- 
posite opening of the through hole 4 to receive a rubber 
0-ring 1 5 filled lo Ihe ouler surface of the energizing ler- 20 
minal shaft 1 3 and an insulating bush (made of, for ex- 
ample, nylon) 16. A holding ring 17 for preventing sep- 
aration of the insulating bush 16 is joined to the ener- 
gizing terminal shaft 13 at the rear of the 0-ring 15 and 
the insulating bush 16. The holding ring 17 is secured 2s 
to the energizing terminal shaft 13. The surface of the 
energizing terminal shaft 13 corresponding to the hold- 
ing ring 17 is provided with a knurling portion 13b for 
enlarging crimping force. A female thread portion 1 3a is 
provided for the rear end portion of the energizing ter- 30 
minal shaft 1 3 to engage a nut 1 9 for securing an ener- 
gizing cable to the energizing terminal shaft 13. 
[0033] The glow plug 1 is joined to the cylinder block 
of a diesel engine by using the thread portion 7 of the 
main metal shell 3. Thus, the leading end portion of the 35 
sheath tube 11 accommodating the heating coil 21 and 
the control coil 23 is disposed in a combustion chamber 
(or a sub-combustion chamber) of the engine. When 
voltage is, in the foregoing state, applied to the energiz- 
ing terminal shaft 1 3 from a battery serving as a power 40 
source mounted on the vehicle, electric power is sup- 
plied through a route, that is, the energizing terminal 
shaft 13 the control coil 23 the heating coil 21 -» 
the sheath tube 11 -> the main metal shell 3 (grounded 
through the engine block). As a result of supply of elec- -« 
trie power, the sheath heater 2 generates heat owing to 
the resistor thereof so that fuel injected into the engine 
block is ignited. Since the temperature of the control coil 
23 is low and the electric resistance is low in an early 
stage of the energization, a relatively high electric cur- so 
rent passes to the heating coil 21 . Thus, the temperature 
of the heating coil 21 is rapidly raised. After the temper- 
ature of the heating coil 21 has boon raised, generated 
heat causes the control coil 23 to be heated. Thus, the 
electric resistance is raised, causing the electric current 55 
to be supplied to the heating coil 21 to be lowered. 
Hence it follows that the temperature rise characteristic 
of the heater is made such that the temperature is rap- 



idly raised in the early stage of the energizing state and 
the operation of the control coil prevents supply of the 
electric current. Thus, the temperature is saturated. 
[0034] Theoveralloutersurfaceofabase layer(made 
of, for example, carbon steel) 40 of the main metal shell 
3 is coated with a zinc-plated layer 41 (a zinc-plated lay- 
er) for preventing corrosion. Moreover, the outer surface 
of the zinc-plated layer 41 is coated with a chromate film 
42. Also the outer surface of the nut 1 9 is coated with a 
zinc-plated layer 45 and a chromate film 46. The zinc- 
plated layers and the chromate films are formed by the 
same method. Therefore, the portion of the main metal 
shell 3 will representatively be described. 
[0035] The zinc-plated layer 41 is formed by a known 
electrolytic zinc plating method to have a thickness of 
about 3jum toabout 20 urn When the thickness is small- 
er than 3 (.im, a satisfactory anti-corrosion characteristic 
cannot sometimes be maintained. When the thickness 
is larger than 20 (am, the thickness is too large from a 
viewpoint of improving the anti -corrosion characterislic. 
Thus, the peace time during the manufacturing process 
is elongated to sometimes raise the cost. Specifically, it 
is preferable that the thickness of the zinc-plated layer 
41 of the main metal shell 3 is 12 urn to 20 um. It is 
preferable that the thickness of the zinc-plated layer 45 
of the nut 1 9 is 3 u>m to 8 u.m. 

[0036] The chromate film 42 contains chrome compo- 
nents in which the ratio of trivalent chrome is 95 wt% or 
more, the chromate film 42 having a thickness of 0.2 um 
to 0.5 um It is preferable that the chrome components 
contain trivalent chrome in a maximum quantity. It is fur- 
thermore preferable that the overall chrome compo- 
nents is the trivalent chrome component. 
[0037] Fig. 2 A schematically shows a method of form- 
ing the chromate film 42. That is, the main metal shell 3 
incorporating the zinc-plated layer caused to have a pre- 
determined thickness by the known electrolytic zinc plat- 
ing method or the like is immersed in a chromate 
processing bath 50. The structure of the chromate 
processing bath 50 has been described. Thus, as shown 
in Fig 1 A, the chromate film 42 is formed on the surface 
of the zinc-plated layer 41 of the main metal shell 3. Fig. 
2A is a schematic view showing the foregoing process. 
Although the drawing shows a process that the main 
metal shell 3 is simply immersed in the chromate 
processing bath 50. In actual, the known barrel method 
(a process with which the main metal shells in an un- 
packaged stale are introduced into a liquid permeable 
container and the process is performed in the process- 
ing bath 50 while the container is being rotated) or the 
like may be employed. 

[0038] The main metal shell 3 subjected to the chro- 
mate process is cleaned with water and dried, and then 
the main metal shell 3 is introduced into the glow plug 
1 shown in Fig. 1 A so as to be joined to a diesel engine. 
The main metal shell 3 or the nut 19 has the chromate 
film formed on the zinc-plated layer formed and ar- 
ranged to have the anti-corrosion performance and the 
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heat resistance far superior to those of the conventional 
trivalent chrome type chromate film or the yellow chro- 
mate film. Thus, satisfactory durability against corrosion 
can be imparted to the zinc-plated layer. The present 
invention may be applied to the main metal shell or the 5 
nut of a glow pluq incorporating a ceramic heater em- 
ployed as a substitute for the sheath heater. 
[0039] Next, an embodiment concerning to the spark 
plug will be described as follows. 

[0040] A spark plug 100 having a resistor according 10 
to the embodiment of the present invention and shown 
in Fig. 1C incorporates a cylindrical main metal shell 
101, an insulating member 102 fitted to the inside por- 
tion of the main metal shell 101 such that the leading 
end of the insulating member 102 projects over the main 
metal shell 101; a central electrode 103 disposed in the 
insulating member 102 such that the leading end of the 
central electrode 103 projects over the insulating mem- 
ber 102: and a ground electrode 104 disposed such that 
an end of the ground electrode 104 is connected to the 20 
main metal shell 101 and another end of the same is 
opposite to the central electrode 103. A spark discharge 
gap g is formed between the ground electrode 104 and 
the central electrode 103. 

[0041] The insulating member 102 is constituted by, 25 
for example, sintered ceramic material, such as alumina 
or aluminum nitride and structured to include a through 
hole 106 formed in the axial direction of the insulating 
member 102 to receive the central electrode 103. A met- 
al terminal 1 1 3 is inserted and secured to either end por- 30 
tion of the through hole 106. while the central electrode 
103 is inserted and secured to another end portion of 
the through hole 106. A different-diameter portion 115 
is, in the through hole 106, disposed between the metal 
terminal 1 1 3 and the central electrode 1 03. Two ends of 35 
the different-diameter portion 115 are, through conduc- 
tive glass sealing layers 116 and 117, electrically con- 
nected to the central electrode 103 and the metal termi- 
nal 113, respectively. 

[0042] The main metal shell 1 made of metal, such as *o 
carbon steel, is formed into a cylindrical shape. Moreo- 
ver, a thread portion 107 is formed on the outer surface 
of the main metal shell 101 to join the plug 100 to an 
engine block (not shown). Reference numeral 1 01 e rep- 
resents a tool engaging portion to which a tool, such as 
a spanner or a wrench, is engaged when the main metal 
shell 101 is joined, the tool engaging portion 10le being 
formed inloa hexagonal cross section in the axial direc- 
tion. On the other hand, an annular line packing 162 ai- 
ranged to be engaged to rear periphery of a flange- 50 
shape projection 102e is disposed between the inner 
surface of the rear opening of the main metal shell 101 
and the outer surface of the insulating member 102. 
Moreover, an annular packing 160 is disposed at the 
rear of the packing 162 through a filler layer 161 made 55 
of talc or the like. The insulating member 102 is pushed 
forwards toward the main metal shell 101. In the fore- 
going state, an end of the opening of the main metal 



shell 101 is inwards crimped toward the packing 160 so 
that a crimping portion 1 0ld is formed. Thus, the main 
metal shell 1 01 is secured to the insulating member 1 02. 
[0043] A gasket 1 30 is fitted to the base portion of the 
thread portion 107 of the main metal shell 101. The gas- 
ket 1 30 is an annular member obtained by bending a 
plate metal material, such as carbon steel. When the 
thread portion 107 is screwed in the thread hole of the 
cylinder head, the gasket 130 is compressed and de- 
formed as if it is crushed at a position between a flange- 
shape gas sealing portion 101 f provided for the main 
metal shell 101 and the periphery of the opening of the 
thread hole. Thus, a gap between the thread hole and 
the thread portion 107 is sealed by the gasket 1 30. 
[0044] Then, a zinc-plated layer 141 (a zinc-type plat- 
ed layer) for preventing corrosion is formed on the over- 
all outer surface of a base layer (made of, for example, 
carbon steel) 1 40 of the main metal shell 101. Moreover, 
the outer surface of the zinc-plated layer 1 41 is covered 
with a chromate film 142. Similarly, the zinc-plaled layer 
145 and the chromate film 146 are formed on the outer 
surface of the gasket 130. Both of the zinc-plated layer 
and the chromate film are formed by the same method. 
Therefore, the portion on the main metal shell 101 will 
representatively bo described. 

[0045] The zinc-plated layer 1 41 is formed by a known 
electrolytic zinc plating method to have a thickness of 
about 3 jam to about 10jj.m. When the thickness is small- 
er than 3 u.m. a satisfactory anti-corrosion characteristic 
cannot sometimes be maintained. When the thickness 
is larger than 10 urn, the thickness is too large from a 
viewpoint of improving the anti-corrosion characteristic. 
Moreover, time required to complete the plating opera- 
tion is elongated excessively, causing the manufactur- 
ing efficiency to deteriorate. Thus, the manufacturing 
cost cannot be reduced. 

[0046] The chromate film 142 contains chrome com- 
ponents in which the ratio of trivalent chrome is 95 wt% 
or more, the chromate film 1 42 having a thickness of 0.2 
um to 0.5 um It is preferable that the chrome compo- 
nents contain trivalent chrome in a maximum quantity. 
It is furthermore preferable that the overall chrome com- 
ponents is the trivalent chrome component. 
[0047] Fig. 2 B schematically shows a method of form- 
ing the chromate film 142. That is, the main metal shell 
101" having the zinc-plated layer having a predeter- 
mined thickness by the known electrolytic zinc plating 
method or the like is immersed in a chromate processing 
bath 1 50. The structure of the chromate processing bath 
150 has been described. Thus, as shown in Fig. 1C, the 
chromate film 142 is formed on the surface of the zinc- 
plated layer 141 of the main metal shell 101. Fig.2B is 
a schematic view showing the foregoing process. Al- 
though the drawing shows a process that the main metal 
shell 101 is simply immersed in the chromate process- 
ing bath 1 50. In actual, the known barrel method (a proc- 
ess with which the main metal shells in an unpackaged 
state are introduced into a liquid permeable container 
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and the process is performed while the container is be- 
ing rotated in the processing bath 150) or the like may 
be employed. 

[0048] The main metal shell 101 subjected to the 
chromate process is cleaned with water and dried, and 5 
then the main metal shell 101 is introduced into the 
spark plug 100 shown in Fig. 1C. Then, the gasket 130 
is used to join the main metal shell 101 to the engine. 
The main metal shell 1 01 or the gasket 1 30 has the chro- 
mate film formed on the zinc-plated layer formed and io 
arranged to have the anti-corrosion performance and 
the heat resistance far superior to that of the conven- 
tional trivalent chrome type chromate film or the yellow 
chromate film. Thus, satisfactory durability against cor- 
rosion can be imparted to the zinc -plated layer. Results '5 
of experiments performed to confirm the effects will now 
be described. 

Examples 

20 

[0049] Results of experiments performed to confirm 
the effects will now be described. 

Example 1 

25 

[0050] Carbon steel wire SWCH8A for cold forging 
conforming to JIS G3539 was employed as a material 
so that the elongated main metal shell 101 having the 
shape shown in Fig. 1 C was manufactured by cold forg- 
ing. Note that the nominal size of the thread portion 1 07 30 
of the main metal shell 101 was 14 mm and the axial 
directional length was about 19 mm. Then, the main 
metal shell 101 was subjected to an electrolytic zinc plat- 
ing process using the known alkaline cyanide bath so 
that a zinc-plated layer having a thickness of 6 u.m was 35 
formed. 

[0051] The chromate processing bath 50 shown in 
Fig. 2B was prepared by dissolving 50 g of chrome chlo- 
ride (lll)(CrCI 3 .6H 2 0), 3 g of cobalt nitrate (ll)(Co 
(N0 3 ) 2 ), 100 g of sodium nitrate (NaN0 3 ) and 31 .2 g of 40 
malonic acid with respect to one litter of deionized water 
Then, the temperature of the solution was maintained 
at 60°C by operating a heater. Moreover, the pH of the 
bath was adjusted to 2.0 by adding caustic soda solu- 
tion. The main metal shell having the zinc-plated layer 45 
was immersed in the chromate processing solution 50 
for 60 seconds. Then, the main metal shell was cleaned 
with water and dried. Then, drying with hot air, the tem- 
perature of which was 80°C, was performed so that a 
chromate film was formed (sample (1 ): example). so 
[0052] A yellow chromate processing bath was pre- 
pared in which 7 g/litter of chromate anhydride, 3 g/litter 
of sulfuric acid and 3 g/littcr of nitric acid were dissolved 
in deionized water. The temperature of the bath was 
maintained at 20°C. The main metal shell was im- ss 
mersed in the bath for about 15 seconds, and then the 
main metal shell was raised and dried so that the yellow 
chromate film was formed (sample (2): comparative ex- 



ample). A glossy chromate processing bath was pre- 
pared in which 3 g/litter of potassium chromium sulfate : 
4 g/litter of nitric acid and 2 g/litter of hydrofluoric acid 
were dissolved in deionized water. The temperature of 
the bath was maintained at 20°C. The main metal shell 
was immersed in the bath for about 1 5 seconds, and 
then the main metal shell was raised and dried so that 
a glossy chromate film was formed (sample (3): com- 
parative example). The thickness of the chromate film 
of each sample was measured in a cross section ob- 
tained by an SEM. The thickness of sample ( 1 ) was 0.33 
urn, that of sample (2) was 0.31 pm and that of sample 
(3) was 0.07|iim. The cross sectional SEM images em- 
ployed to measure the thickness were shown in Figs. 
11 A to 11C. Fig. 11 A shows the SEM image of sample 
(1), Fig. 11 B shows the SEM image of sample (2) and 
Fig. 11C shows the SEM image of sample (3). To facil- 
itate observation of the chromate film, a thin Au film was 
formed on the surface of the film by a sputtering method. 
Since the chromate film having a low conductivity as 
compared with the base zinc-plated layer and the thin 
Au film each having a high conductivity forms a dark im- 
age in the SEM image, the image of the chromate film 
can easily be detected in accordance with the difference 
in the contrast. In each SEM imago, a white line is drawn 
at the position corresponding to the boundaries among 
the chromate film, the zinc-plated layer and the Au layer 
confirmed in accordance with the contrast. In accord- 
ance with the distance between the white lines, the 
thickness is determined. 

[0053] A state of presence of chrome in each of the 
formed chromate films was examined by an X-ray phot- 
ospectral analysis (XPS) method. Fig. 3 shows peaks 
of chrome (2 p 2 / 3 ) in the photospectrum of samples (1 ) 
and (2). Sample (1 ) (indicated with a solid line) was free 
of a peak at the position corresponding to sixivalent 
chrome. Thus, a major portion of the chrome compo- 
nents was trivalent chrome. On the other hand, sample 
(2) had the peak of trivalent chrome on which the peak 
of sixivalent chrome was superimposed. Thus : a raised 
portion was detected in the high energy portion of the 
peak. 

[0054] Fig. 4 shows results of peak separation analy- 
sis of the shape of each peak performed such that an 
assumption is made that the intensity of the photoelec- 
tron X-ray was I (axis of ordinate: cps) and the bond en- 
ergy was x (axis of abscissa: eV). Then, approximation 
with the following equation was performed: 

l=exp{-(x-u) 2 /2a 2 } (1) 

where \x is x coordinate of the peak and o is a half width 
of the peak curve). 

[0055] According to the results, assuming that the 
height of the peak of trivalent chrome was 1 1 and that of 
sixivalent chrome was 12, 12/(11 + 12) was about 0.2 (it 
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is preferable that 12/(1 1 + 12) is 0.05 or smaller to reduce 
the quantity of sixivalent chrome) A dichromic sesqui- 
oxide standard reference material was used to make an 
analytical curve to calculate the weight-content of six- 
ivalent chrome in the overall quantity of the chrome com- 
ponents. A fact was detected that about 1 5 wt% was 
sixivalent chrome and the residue was trivalent chrome. 
Also samples (1 ) and (3) were similarly analyzed, result- 
ing in that substantially the overall portion of the chrome 
components was trivalent chrome. 
[0056] Samples (1) to (3) were subjected to chapter 
five "neutral salt water spray test" of anti-corrosion test 
of plating conforming to JIS H8502. Thus, time for which 
white rust appears by about 20 % or more of the overall 
surface caused from corrosion of the zinc-plated film 
was measured to evaluate the durability. In this specifi- 
cation, the main metal shell was as it is used as the sam- 
ple. Moreover, the portion (the hexagonal portion) to 
which the tool was engaged was the surface of the sam- 
ple. Results were shown in Fig. 5. That is, sample (1) of 
the main metal shell according to the present invention 
exhibited a satisfactory durable time of 240 hours. The 
result was similar to that of sample (2) subjected to the 
yellow chromate process. The result was about 8 times 
the result of sample (3) incorporating the conventional 
thin glossy chromate film. 

[0057] Samples similar to samples (1 ) to (3) were sub- 
jected to chapter seven "CASS test" of anti-corrosion 
test of plating conforming to JIS H8502. Thus, time for 
which white rust appears by about 20 % or more of the 
overall surface caused from corrosion of the zinc-plated 
film was measured to evaluate the durability. Moreover, 
durability tests each using sulfuric acid and nitric acid 
were performed as follows: initially, pH2 sulfuric acid so- 
lution or nitric acid solution was introduced into a desic- 
cator. Then, each sample was enclosed in the desicca- 
tor such that the sample was not directly brought into 
contact with the acid solution and contact with steam of 
the solution was permitted. The temperature of the des- 
iccator was allowed to stand in a constant-temperature 
tank set to 90°C to perform an evaluation in accordance 
with a similar criterion to that of the CASS test. Results 
were shown in Figs. 6 and 7. In each test, sample (2) 
subjected to the yellow chromate process and sample 
(3) subjected to the glossy chromate process resulted 
in short durability time. On the other hand, sample (1) 
according to the embodiment of the present invention 
resulted in a satisfactory resull of durability. 
[0058] Then, an actual mounting test was performed 
such that a spark plug shown in Fig. 1C was manufac- 
tured by using the above-mentioned main metal shell. 
Then, the spark plug was joined to a 6-cylinder and 2000 
cc gasoline engine. The engine was continuously oper- 
ated at engine speed of 5600 rpm for 1 0 hours in a state 
in which the throttle was completely opened. Note that 
the temperature of the main metal shell during the op- 
eration was about 200°C. Each sample subjected to the 
actual mounting test was subjected to a neutral salt wa- 



ter spray test similar to the foregoing test Results were 
shown in Fig. B. Sample (2) subjected to the yellow chro- 
mate process and sample (3) subjected to the glossy 
chromate process resulted in short durability time of 

s about 20 hours. On the other hand, sample (1 ) accord- 
ing to the embodiment of the present invention resulted 
in a satisfactorily long durable time of 1S0 hours after 
the sample (1) was mounted on the engine. 
[0059] Each sample was heated to 200°C in the at- 

to mosphere in a constant-temperature tank and the tem- 
perature was maintained for 30 minutes. Then, a similar 
neutral salt spray test was performed. Sample (2) sub- 
jected to the yellow chromate process and sample (3) 
subjected to the glossy chromate process resulted in 

is short durability time of about 20 hours On the other 
hand, sample (1) according to the embodiment of the 
present invention resulted in a satisfactorily long durable 
time of 200 hours. 

20 Example 2 

[0060] A main metal shell similar to that according to 
Example 1 was manufactured under the same condi- 
tions until the zinc processing process was performed. 

2S Then, a chromate processing bath was prepared by dis- 
solving 50 g of chrome chloride (111) (CrCI 3 -SH 2 0), 3 g 
of cobalt nitrate <ll)(Co (N0 3 ) 2 ). 50 g to 100 g of sodium 
nitrate (NaN0 3 ) and 31.2 g of malonic acid with respect 
to one litter of deionized water. Then, the temperature 

30 of the solution was maintained at 60°C by operating a 
heater. Moreover, the pH of the bath was adjusted to 2 0 
by adding caustic soda solution. The main metal shell 
having the zinc-plated layer was immersed in the chro- 
mate processing solution 50 for 60 seconds. Then, the 

35 main metal shell was cleaned with water and dried. 
Then, drying with hot air, the temperature of which was 
80°C, was performed so that chromate films having var- 
ious thicknesses were formed. The thickness of the ob- 
tained chromate film was measured by observing the 

40 cross section of the SEM similar to Example 1 The con- 
tent of Na was examined and measured by the X-ray 
photoelectron spectrum analysis method (XPS). Re- 
sults were shown in Fig. 9. That is, when the content of 
Na in the film was 2 wt% to 7 wt%, and in particular 

45 when the same is 2 wt% to 6 wt%, the chromate film 
having a large thickness was obtained in a relatively 
short time. 

Example 3 

50 

[0061] A main metal shell simflar to that according to 
Example 1 was manufactured under the same condi- 
tions until the zinc plating process was performed. Then, 
a bath was prepared by dissolving 50 g of chrome chlo- 
55 ride (III) (CrCI 3 -6H 2 0), 3 g of cobalt nitrate (M)(Co 
(N0 3 ) 2 ), 50 g to 150 g of sodium nitrate (NaN0 3 ) and 
31 .2 g of malonic acid with respect to one litter of deion- 
ized water. Then, the temperature of the solution was 
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maintained at 60°C by operating a heater. Moreover, the 
pH of the bath was adjusted to 2.0 by adding caustic 
soda solution. The main metal shell having the zinc-plat- 
ed layer was immersed in the chromate processing so- 
lution for 40 seconds to 80 seconds. Then, the main met- s 
al shell was cleaned with water and dried. Then, drying 
with hot air, the temperature of which was 80°C. was 
performed so that chromate films having various thick- 
nesses were formed. Each main metal shell having the 
chromate film was subjected to the neutral salt water io 
spray test similar to that according to Example 1 to eval- 
uate the chromate film. Results were shown in Fig. 10. 
When the thickness of the film was 0.2 um to 0.5 urn, 
and in particular, when the thickness was 0.3 um to 0.5 
u.m, satisfactory durability was realized. is 

Example 4 

[0062] A material was STKM13CE conforming to JIS 
G3445 so that the main metal shell 3 having the shape 20 
shown in Fig. 1A was manufactured by cold forging. 
Note that the nominal size of the thread portion 7 of the 
main metal shell 3 was 10 mm and the axial directional 
length was about 51.5 mm. Then, the main metal shell 
3 was subjected to an electrolytic zinc plating process 25 
using the known alkaline cyanide bath so that a zinc- 
plated layer having a thickness of 16 um was formed. 
[0063] The chromate processing bath 50 shown in 
Fig. 2A was prepared by dissolving 50 g of chrome chlo- 
ride (lll)(CrCI 0 .6H 2 O). 3 g of cobalt nitrate (ll)(Co 30 
(N0 3 ) 2 ), 100 g of sodium nitrate (NaNO a ) and 31 .2 g of 
malonic acid with respect to one litter of deionized water. 
Then, the temperature of the solution was maintained 
at 60°C by operating a heater. Moreover, the pH of the 
bath was adjusted to 2.0 by adding caustic soda solu- 35 
tion. The main metal shell 3 having the zinc-plated layer 
was immersed in the chromate processing solution 50 
for 60 seconds. Then, the main metal shell was cleaned 
with water and dried. Then, drying with hot air the tem- 
perature of which was B0°C ! was performed so that a *o 
.chromate film was formed (sample (1): example). 
[0064] A yellow chromate processing bath was pre- 
pared in which 7 g/litter of chromate anhydride, 3 g/litter 
of sulfuric acid and 3 g/litter of nitric acid were dissolved 
in deionized water. The temperature of the bath was -*$ 
maintained at 20°C. The main metal shell was im- 
mersed in the bath for about 15 seconds, and then the 
main metal shell was raised and dried so that the yellow 
chromate film was formed (sample (2): comparative ex- 
ample). A glossy chromate processing bath was pre- so 
pared in which 3 g/litter of potassium chromium sulfate, 
4 g/litter of nitric acid and 2 g/litter of hydrofluoric acid 
were dissolved in deionized water. The temperature of 
the bath was maintained at 20°C. The main metal shell 
was immersed in the bath for about 15 seconds, and ss 
then the main metal shell was raised and dried so that 
a glossy chromate film was formed (sample (3): com- 
parative example). The thickness of the chromate film 



of each sample was measured in a cross section ob- 
tained by an SEM The thickness of sample (1 ) was 0.33 
u m, that of sample (2) was 0.31 Mm and that of sample 
(3) was 0.07 um. The thickness was measured in the 
same manner as described in Example 1. 
[0065] A state of presence of chrome in each of the 
formed chromate films was examined by an X-ray phot- 
ospectral analysis (XPS) method. Fig. 12 shows peaks 
of chrome (2 p 2/3 ) in the photospectrum of samples (1 ) 
and (2). Sample (1 ) (indicated with a solid line) was free 
of a peak at the position corresponding to sixivalent 
chrome. Thus, a major portion of the chrome compo- 
nents was trivalent chrome. On the other hand, sample 
(2) had the peak of trivalent chrome on which the peak 
of sixivalent chrome was superimposed. Thus, a raised 
portion was detected in the high energy portion of the 
peak. 

[0066] Fig. 1 3 shows results of peak separation anal- 
ysis of the shape of each peak performed such that an 
assumption is made that the intensity of the photoelec- 
tron X-ray was I (axis of ordinate: cps) and the bond en- 
ergy was x (axis of abscissa: eV). Then : approximation 
with the following equation was performed: 

l=exp{-{x-u) 2 /2o 2 } (1) 

where u is x coordinate of the peak and a is a half width 
of the peak curve). 

[0067] According to the results, assuming that the 
height of the peak of trivalent chrome was 1 1 and that of 
sixivalent chrome was 12, 12/(11 + 12) was about 0.2 (it 
is preferable that 12/(11 + 12) is 0.05 or smaller to reduce 
the quantity of sixivalent chrome). A dichromic sesqui- 
oxide standard reference material was used to make an 
analytical curve to calculate the weight-content of six- 
ivalent chrome in the overall quantity of the chrome com- 
ponents. A fact was detected that about 15 wt% was 
sixivalent chrome and the residue was trivalent chrome. 
Also samples (1 ) and (3) were similarly analyzed, result- 
ing in that substantially the overall portion of the chrome 
components was trivalent chrome. 
[0068] Samples (1 ) to (3) were subjected to chapter 
five "neutral salt water spray test" of anti-corrosion test 
of plating conforming to JIS H8502. Thus, time for which 
white rust appears by about 20 % or more of the overall 
surface caused from corrosion of the zinc-plated film 
was measured to evaluate the durability. In this specifi- 
cation, the main metal shell was as it is used as the sam- 
ple. Moreover, the portion (the hexagonal portion) to 
which the tool was engaged was the surface of the sam- 
ple. Results were shown in Fig. 14. That is, sample (1 ) 
of the main metal shell according to the present inven- 
tion and satisfying the requirements for the glow plug 
exhibited a satisfactory durable time of 240 hours. The 
result was similar to that of sample (2) subjected to the 
yellow chromate process. The result was about 8 times 
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the result of sample (3) incorporating the conventional 
thin glossy chromate film. 

[0069] Samples similar to samples ( 1 ) to (3) were sub- 
jected to chapter seven "CASS test" of anti-corrosion 
test of plating conforming to JIS H8502. Thus, time for s 
which white rust appears by about 20 % or more of the 
overall surface caused from corrosion of the zinc-plated 
film was measured to evaluate the durability. Moreover, 
durability tests each using sulfuric acid and nitric acid 
were performed as follows: initially. pH2 sulfuric acid so- 10 
lution or nitric acid solution was introduced into a desic- 
cator. Then, each sample was enclosed in the desicca- 
tor such that the sample was hot directly brought into 
contact with the acid solution and contact with steam of 
the solution was permitted. The temperature of the des- is 
iccator was allowed to stand in a constant-temperature 
tank set to 90°C to perform an evaluation in accordance 
with a similar criterion to that of the CASS test. Results 
were shown in Figs. 1 5 and 1 6. In each test, sample (2) 
subjected to the yellow chromate process and sample 20 
(3) subjected to the glossy chromate process resulted 
in unsatisfactory short durability time. On the other 
hand, sample (1) according to the embodiment of the 
present invention resulted in a satisfactory result of du- 
rability. 25 
[0070] Each sample was heated to 200°C for 30 min- 
utes in the atmosphere, and then, a similar neutral salt 
spray test was performed. Results were shown in Fig. 
1 7. Sample (2) subjected to the yellow chromate proc- 
ess and sample (3) subjected to the glossy chromate 30 
process resulted in short durability time of about 20 
hours. On the other hand, sample (1) according to the 
embodiment of the present invention resulted in a sat- 
isfactorily long durable time of 200 hours after the heat- 
ing. 35 

Example 5 

[0071] A main metal shell similar to that according to 
Example 4 was manufactured under the same condi- 40 
tions until the zinc processing process was performed. 
Then, a chromate processing bath was prepared by dis- 
solving 50 g of chrome chloride (III) (CrCI 3 .6H 2 0), 3 g 
of cobalt nitrate (!l)(Co (N0 3 ) 2 ), 50 g to 150 g of sodium 
nitrate (NaN0 3 ) and 31 .2 g of malonic acid with respect ^5 
to one litter of deionized water. Then, the temperature 
of the solution was maintained at 60°C by operating a 
healer. Moreover, the pH of the bath was adjusted to 2.0 
by adding caustic soda solution. The main metal shell 
having the zinc-plated layer was immersed in the chro- so 
mate processing solution 50 for 60 seconds. Then, the 
main metal shell was cleaned with water and dried. 
Then, drying with hot air, the temperature of which was 
80°C, was performed so that chromate films having var- 
ious thicknesses were formed. The thickness of the ob- 55 
tained chromate film was measured by observing the 
cross section of the SEM similar to Example 1 . The con- 
tent of Na was measured by ESCA. Results were shown 



in Fig. 18. That is, when the content of Na in the film was 
2 wt% to 7 wt%, and in particular, when the same is 2 
wt% to 6 wt%. the chromate film having a large thickness 
was obtained in a relatively short time. 

Example 6 

[0072] A main metal shell similar to that according to 
Example 1 was manufactured under the same condi- 
tions until the zinc plating process was performed. Then, 
a bath was prepared by dissolving 50 g of chrome chlo- 
ride (III) (CrCI 3 .6H 2 0), 3 g of cobalt nitrate (II )(Co 
(N0 3 ) 2 ), 50 g to 150 g of sodium nitrate (NaN0 3 ) and 
31 .2 g of malonic acid with respect to one litter of deion- 
ized water. Then, the temperature of the solution was 
maintained at 60 3 C by operating a heater. Moreover, the 
pH of the bath was adjusted to 2.0 by adding caustic 
soda solution. The main metal shell having the zinc-plat- 
ed layer was immersed in the chromate processing so- 
lution for 40 seconds to 80 seconds. Then, the main met- 
al shell was cleaned with water and dried. Then, drying 
with hot air, the temperature of which was 80°C, was 
performed so that chromate films having various thick- 
nesses were formed. Each main metal shell having the 
chromate film was subjected to the neutral salt water 
spray test similar to that according to Example 4 to eval- 
uate the chromate film. Results were shown in Fig. 19. 
When the thickness of the film was 0.2 jim to 0.5 }am, 
and in particular, when the thickness was 0.3 jam to 0 5 
um, satisfactory durability was realized. 



Claims 

1. A glow plug (1 ) comprising: 

a main metal shell (3); 

a resistance heater (2) disposed in the main 
metal shell (1 ) such that the leading end of said 
resistance heater (2) projects over either end 
surface of said main metal shell (3). wherein 
the surface of said main metal shell (3) is coat- 
ed with a chromate film (42) containing trivalent 
ch rome by 95 wt% or more of contained chrome 
components and having a thickness of 0.2 u.m 
to 0.5 u.m. 

2. The glow plug ( 1 ) according to claim 1 , wherein said 
chromate film (42) substantially contains no chrome 
component. 

3. The glow plug (1 ) according to claim 1 , wherein an 
energizing terminal shaft (1 3) for energizing said re- 
sistance heater (2) is disposed such that the rear 
end of said energizing terminal shaft (13) projects 
over another end surface of said main metal shell 
(3). a nut (19) for securing a power supply cable to 
said energizing terminal shaft (13) is engaged to a 
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male thread portion formed in the rear end portion 
of said energi7ing terminal shaft (13). and 

at least a portion of the surface of said nut ( 1 9) 
is coated with said chromate film (46). 

5 

4. The glow plug (1 ) according to claim 1 . wherein the 
content of sodium components contained in said 
chromate film is 2 wt% to 7 wt%. 

5. The glow plug (1 ) according to claim 1 : wherein at 10 
least one of said main metal shell (3) and said nut 

(1 9) are coated with a zinc-plated film (41 , 45) as a 
base metal layer for said chromate film. 

6. The glow plug (1) according to claim 5, wherein is 
when chapter five "neutral salt water spray test" of 
anti-corrosion test of plating conforming to JIS 
H8502 is performed, time for which white rust ap- 
pears by about 20 % or more of the overall surface 
caused from corrosion of the zinc-plaled film (41, 20 
45) is 40 hours or longer. 

7. The glow plug (1) according to claim 5, wherein 
when heating at 200°C in the atmosphere for 30 
minutes is performed and chapter five "neutral salt 2s 
water spray test" of anti-corrosion test of plating 
conforming to JIS H8502 is performed, time for 
which white rust appears by about 20 % or more of 

the overall surface caused from corrosion of the 
zinc-plated film (41, 45) is 40 hours or longer. 30 

8. The glow plug (1) according to claim 5.. wherein 
when chapter seven "CASS test" of anti-corrosion 
test of plating conforming to JIS H8502 is per- 
formed, time for which white rust appears by about 3S 
20 % or more of the overall surface caused from 
corrosion of the zinc-plated film (41, 45) is 20 hours 

or longer. 

9. A method of manufacturing a glow plug (1 ) incorpo- 40 
rating a resistance heater (2) disposed in a main 
metal shell (3) such that the leading end of said re- 
sistance heater (2) projects over either end surface 

of said main metal shell (3), said method of manu- 
facturing a glow plug (1 ) comprising the step of: **5 

immersing said main metal shell (3) in a chro- 
mate processing bath (50) containing trivalent 
chrome salt and a complexing agent for said triva- 
lent chrome mixed therein so that a chromate film 
(42, 46) containing trivalent chrome by 95 wt% or so 
more of contained chrome components and having 
a thickness of 0.2 ujti to 0.5 ]xm is formed on the 
surface of said main metal shell. 

10. The method of manufacturing a glow plug (1) ac- ss 
cording to claim 9, wherein said chromate process- 
ing bath (50) is performed such that the temperature 

of said bath is set to be 20°C to 80°C. 



11. The method of manufacturing a glow plug (1) ac- 
cording to claim 9, wherein said main metal shell (3) 
is immersed in said chromate processing bath (50) 
for 20 seconds to 80 seconds. 

12. The method of manufacturing a glow plug according 
to claim 9 : wherein sodium salt in a predetermined 
quantity is mixed in said chromate processing bath 
in such a manner that the content of the sodium 
components contained in the obtained chromate 
film is 2 wt% to 7 wt%. 

13. A spark plug (100) comprising: 

a central electrode (103); 
an insulating member (102) disposed on the 
outside of said central electrode (103); 
a main metal shell (101) disposed on the out- 
side of said insulating member (102): and 
a ground eleclrode (104) disposed opposite to 
said central electrode (103) such that a spark 
discharge gap (g) is formed; 
wherein the surface of said main metal shell 
(101) is coated with a chromate film (142) con- 
taining trivalent chrome by 95 wt% or more of 
contained chrome components and having a 
thickness of 0.2 u.m to 0.5 u.m. 

14. The spark plug (100) according toclaim 13, wherein 
said chromate film (142) substantially contains* no 
chrome component. 

15. The spark plug (100) according to claim 13 or 14, 
further comprising a ring-shaped gasket (1 30) to be 
fitted to the base portion of a joining thread portion 
formed on the outer surface of said main metal shell 
(101); 

wherein at least a portion of said gasket (1 30) 
is coated with said chromate film (146). 

16. The spark plug (1 00) according to claim any one of 
claims 1 3 to 1 5, wherein the content of sodium com- 
ponents contained in said chromate film (142, 146) 
is 2 wt% to 7 wt%. 

17. The spark plug ( 1 00) according to any one of claims 
13 to 16, wherein said main metal shell (101) or both 
of said main metal shell (101 ) and said gasket (130) 
are coated with a zinc-plated film (141, 145) as a 
base metal layer for said chromate film (142, 146). 

18. The spark plug (100) according toclaim 17, wherein 
when chapter five "neutral salt water spray test" of 
anti-corrosion test of plating conforming to JIS 
H8502 is performed, time for which white rust ap- 
pears by about 20 % or more of the overall surface 
caused from corrosion of the zinc-plated film (141 , 
145) is 40 hours or longer. 
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19. The spark plug (100) according to claim 17 or 18. 
wherein when heating at 200°C in the atmosphere 
for 30 minutes is performed and chapter five "neu- 
tral salt water spray test" of anti-corrosion test of 
plating conforming to JIS H3502 is performed, time 5 
for which white rust appears by about 20 % or more 

of the overall surface caused from corrosion of the 
zinc-plated film (141. 145) is 40 hours or longer. 

20. A spark plug (100) according to any one of claims to 
17 to 19 : wherein when chapter seven "CASS test" 

of anti-corrosion test of plating conforming to JIS 
H8502 is performed., time for which white rust ap- 
pears by about 20 % or more of the overall surface 
caused from corrosion of the zinc-plated film (141, *5 
145) is 20 hours or longer. 

21. A method of manufacturing a spark plug (100) in- 
corporating a central electrode (103), an insulating 
member (102) disposed on the outside of said cen- 
tral electrode (103), a main metal shell (101) dis- 
posed on the outside of said insulating member 
(1 02) and a ground electrode (1 04) disposed oppo- 
site to said central electrode (103) to form a spark 
discharge gap (g), said method of manufacturing a 
spark plug comprising the step of: 

immersing said main metal shell (101) in a 
chromate processing bath (1 50) containing trivalent 
chrome salt and a complexing agent for said triva- 
lent chrome mixed therein so that a chromate film 
(142, 146) containing trivalent chrome by 95 wt% or 
more of contained chrome components and having 
a thickness of 0.2 u.m to 0.5 u.m is formed on the 
surface of said main metal shell. 

22. The method of manufacturing a spark plug accord- 
ing to claim 21 , wherein said chromate processing 
bath (150) is performed such that the temperature 
of said bath is set to be 20° C to 80° C. 

23. The method of manufacturing a spark plug accord- 
ing to any one of claims 21 and 22, wherein said 
main metal shell (1 01 ) is immersed in said chromate 
processing bath (150) for 20 seconds to 80 sec- 
onds. 

24. The method of manufacturing a spark plug accord- 
ing to any one of claims 21 to 23, wherein sodium 
salt in a predetermined quantity is mixed in said 
chromate processing bath (150) in such a manner s ° 
that the content of the sodium "components con- 
tained in the obtained chromate film is 2 wt% to 7 
wt%. 
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FIG. 1C 
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FIG. 11 A 
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